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The concept of exit dose in dermatological therapy as discussed by Andrews,
Braestrup, and Heisel (2) concerns the biologic effect upon a skin surface of a
quantity of radiation reaching that surface after having passed through a thick-
ness of tissue. Our interest in this problem stems from the facts that, first, the
phenomenon of exit dosage is important in dermatologic roentgen therapy, and,
second, that numerical values assigned to exit dosages are based upon physical
measurements alone. It is self-evident that radiation applied to regions of rela-
tively mean depth will exert definite biologic effects on the exit surfaces, such as
the extremities. Nevertheless, predetermination of these effects has been based
on no experimental data other than clinical observation, when the additive effect
of a roentgenologic crossfire produces untoward results.
The exit dose, as defined by Andrews (1), is "the dose received by the skin
opposite the irradiated surface." The quantity of radiation at the exit surface
is usually measured by means of an ionization chamber, and, thus, the quantity
of radiation passing through or leaving the exit surface can be determined by
placing the chamber in immediate proximity to, or, more accurately, within the
exit surface. No physical means exists, however, for quantitatively measuring
radiation absorbed at any given point within tissue (3) or at a portal of exit.
It has been demonstrated, experimentally, by use of the phantom that if a
surface is exposed to a quantity of radiation designated as Y, and the exit dose
at an opposing surface, as determined by physical means, is found to be Z, an
infinite number of points within the irradiated body will be exposed to a gradu-
ally decreasing number of roentgens varying from Y at the portal of entry to Z
at the portal of exit. It is significant to note that the quantity of radiation ab-
sorbed between the two surfaces is not merely Y minus Z, but is, instead, the
sum total of all the radiation energy absorbed at each of the aforementioned
infinite number of points.
It is therefore evident that the depth dose or exit dose, as determined physi-
cally with the ionization chamber, is an expression only of the quantity of primary
and secondary radiation to which the tissue at that particular depth has been
exposed, or, in other words, it is only a quantitative representation of the radia-
tion passing through that level of tissue.
Inasmuch as the biologic response is a function of absorbed radiation (Draper-
Grotthus law) rather than that which is transmitted or passed through, it can
be seen that ionometrically determined quantities of radiation at the exit surface
will bear no relationship to the biologic response of the tissue at that surface.
Whatever relationship may exist between the quantity of radiation transmitted
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by and that absorbed by any given point within an irradiated tissue is unknown
and cannot be determined physically by any means at our disposal at this time.
Mutscheller (4) has recently shown, for example, in a group of ingeniously
devised experiments, that the physical depth dose is not equivalent to the bio-
logical depth dose as determined by a biological standard.
The present study attempts to compare actual tissue effects at the portal of
exit with similar reactions at the portal of entry after a relationship has been
established between physical dosage and biophysical effect.
The cutaneous reactions to irradiation previously utilized in experimental
investigations have been the threshold erythema and epilation. Neither criterion
is well suited for experiments concerning the problem in question, because the
surface dosage required to produce erythema or epilation on an exit surface
would, by necesity, be great enough to cause permanent radiation damage to
the field of primary application, and, further, the threshold erythema is ill-
defined and varies greatly not only between individuals, but also with the sub-
jective interpretation of the observer. Unequivocal results, therefore, can hardly
be expected when these reactions are employed as end-points. For these reasons,
the greying of pigmented hair under the influence of roentgen rays, as it occurs
in the black mouse, was chosen as the biologic indicator.
This radiation effect on the skin has not previously been employed, to our
knowledge, by dermatologists. Biologists have for some time been familiar with
the phenomenon of roentgen-induced greying of certain animal hair. Hance and
Murphy (6) discussed it in 1926, but it has been Chase (5, 7, 8) who has studied
this phenomenon in greatest detail and who has developed a technic of observa-
tion exceptionally useful in the field of radiation biology. *
Mouse hair, according to Chase (5) and Dry (12), grows in three phases: 1) the
anagen, 2) the catagen, and 3) the telogen. The first two stages include active
growth and pigmentation, while the telogen phase is characterized by inactivity
and is recognizable by the presence of adult club hairs. The process of hair
regeneration occurs in patches, and when mature hair is plucked, one can dis-
tinguish areas of active regeneration by a marked increase in pigmentation of the
skin and/or the presence of a fine, fuzzy nap, while in the absence of active re-
growth the skin appears white and naked.
The plucking of hair acts as a stimulus to regrowth of new hair, and if a large
area of adult club hairs is denuded by manual epilation, a uniform, uniphasic
regrowth of hair will occur. If, immediately after plucking, the denuded area is
exposed to an adequate dose of radiation, the new growth will range from grey
to white in color. Once the greying effect has occurred, a given area will retain
this change through successive generations of hair. If the administered dose of
roentgen rays is quantitatively insufficient to produce greying, a regrowth of
normally pigmented hair will result. Contrariwise, if an excessive dose is adminis-
tered, epilation or dermatitis, temporary or permanent, will ensue. By establish-
ing a consistency of dosage and by controlling the hair stage at the time of raying,
* Similar effects have been observed in rabbits (9), common fowl (10), and pigeons (11).
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it has been found possible to regulate the response, so that the method can be
used as a biologic assay (5).
The mouse strain employed in these experiments was the same as used by
Chase (5, 8), the highly inbred, pure black C57, obtained from the Jackson
Memorial Laboratory, Bar Harbor, Maine.
The first part of the experiment was designed to establish a biologic scale of
greying on which to measure further data. This consisted, in a large part, of a
reproduction of Chase's work and was necessary for two reasons. First, Chase
had used radiation furnished by 100Kv and 200Kv potentials, while, for the
purpose of this study, a softer quality of radiation, as is commonly employed in
dermatologic practice, seemed more appropriate; second, in order to exploit
the greying effect as a biologic end-point, it was necessary to establish a color
TABLE I
Greying effect of roentgen radiation on mouse hair*
Ky 200r
50 %
(0%)
250r
%
(0%)
300r
%
(0%)
350r
(67%)
400r
%
(83%)
450r
%
(100%)
550r
(100%)
650r
(100%)
750r
(100%)
75 %
(0%)
%
(0%)
%
(0%)
%
(60%)
5%
(83%)
5%
(100%)
5%
(100%)
5%
(100%)
5%
(100%)
100 0%
(0%)
5%
(0%) (50%)
5%
(75%) (80%)
%
(80%)
3
(100%)
3
(100%)
5%
(100%)
* In each fraction, the denominator represents the total number of fields and the nu-
merator the number of fields which turned grey. The figures in parentheses express the
percentage of fields which greyed.
scale which would show the interrelationship between roentgen dosage and the
greying response of the hair coat.
The source of radiation used was a standard model Picker 120 Ky therapy machine, op-
erated at 50Kv, 75Kv, and 100 Ky, with 10 Ma at 20 centimeters target-skin distance, yield-
ing an output of 166 r/minute, 280 r/minute, and 384 r/minute, respectively. The half-value
layers of the three types of radiation were 0.55 mm. of aluminum, 0.65 mm. of aluminum,
and 0.78 mm. of aluminum. A Victoreen dosimeter served to calibrate the machine.
Each animal was anesthesized by means of an intra-peritoneal injection of nembutal
(0.84 mgm. per gram body weight). Three areas, each measuring 1.1 centimeters square
were selected for exposure on the right side of the trunk, and this region was then plucked.
Those of the plucked areas which showed evidence of new hair growth were not used. Each
animal was then placed on its side, paws extended, right side up, into a groove 1.5 centi-
meters deep, cut into a block of Presdwood. Each selected field was then properly shielded
with lead and exposed individually to a preselected quality and quantity of radiation. In
outlining a scheme for exposure of the various fields to the test dosages, the factorial block
pattern of Fisher (13) was employed to avoid chance errors in the statistical method. This
technic provided for equitable distribution of the various dosages administered to the
anterior, middle and posterior fields on the test animals.
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A total of six fields was exposed to each of the dosages (200r, 250r, 300r, 350r, 400r, 450r,
550r, 650r, and 750r) at each of the three potentials (50Kv, 75Kv, and 100Kv). The plucked
and radiated areas showed sufficient regrowth of hair in twenty-one days to be read accu-
rately at that time. The results are listed in Table I. During the course of these experiments
an epidemic of salmonella hepatitis developed among the test animals and not all survived
until the twenty-first post-irradiation day, so that six readings could not be taken at all
dosages. All readings were made without knowledge of the dosage employed and only after
the readings were completed were the data compiled and correlated.
A total of ninety-seven fields were available for reading, and it became quite
apparent that the threshold greying dosage at all kilovoltages was approxi-
mately 350r.
Having thus established a biologic scale, a second group of animals was pre-
pared in similar fashion, except that the exit surface (left side of the animal) was
plucked. Here oniy two fields were exposed on each animal, one at the level of
TABLE II
Greying Effect of Roentgen Radiation on the Exit Surf ace*
Ky 600r 700r 850r l000r 1150r 1350r
50
(16%)
6
(33%)
3
(33%)
%
(83%)
%
(100%)
75 3
(33%) (50%)
%
(83%) (66%)
100 3
(16%) (100%) (80%)
y
(60%)
%
(100%)
* In each fraction, the denominator represents the total number of fields and the nu-
merator the number of fields which turned grey. The figures in parentheses express the
percentage of fields which greyed.
the shoulder girdle and the other in the region of the pelvis. It was necessary to
perform the experiment in this fashion in order to avoid exposure of the vital
organs to lethal doses of radiation. The animals were placed in the groove 1.5
centimeters deep in the Presdwood block, and radiation was applied to the right
side of the animal, so that the left (plucked) side represented an exit surface 1.5
centimeters from the field of primary application.
The same pattern of exposures was again used in several dosages (600r, 700r,
850r, l000r, 1 iSOr, and 1350r) at each of the kilovoltages (50Kv, 75Kv, and
100Kv). The hair at the exit surface showed regrowth in twenty-one days, and
the results are given in Table II.
It may be assumed, on the basis of the results of the first part of this experi-
ment, that if the hair on the exit surface regrew grey, the biologic effect equalled
that produced at the portal of entry by the administration of at least 350r.
Consequently, if a minimum entrance dose of Y r was required to produce grey-
ing on the exit surface, the exit dose, expressed as a percentage of the entrance
dose, is X 100.
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From the results given in Table II, it is evident that the entrance dose neces-
sary to produce a visible biologic effect in a majority of the test animals was
1 150r at 50Kv, 1000r at 75Kv, and 700r at 100Kv.
Utilizing the formula % exit dose X 100, the biologically effective exit
dose is thirty percent at 50Kv, thirty five percent at 75Kv, and fifty percent at
100Kv, all values referring to the exit dose after the beam has passed through
1.5 centimeters of tissue.
In order to further evaluate these results, physical exit dose measurements
were made, using a Presdwood phantom, the size and shape of the mouse. At
50Kv, the exit dose, expressed as a percentage of the entrance dose was 36 per-
cent, at 75Kv it was 40 percent, and at 100Kv, 52 percent.
According to the results shown in Table III, it appears that most of the radia-
tion reaching the exit surface exerts a biologic effect thereupon, and the percent-
age of biologic efficacy increases as the kilovoltage increases.
TABLE III
V
PERCENTAGE OP PRIMARY DOSE MEASURED ON
EXIT SURFACE PERCENTAGE OP EXIT DOSEWHICH IS BIOLOGiCALLY
EFFECTIVE
Biologically Physically
50
100
30 36
40
50 52
83
88
96
-
In the procedure employed in this group of experiments, the test field was
placed against a background of Presdwood so that the exit surface was partly in
a zone of secondary ray equilibrium (4). This point is of paramount importance,
because, in the utilization of roentgen therapy in dermatologic practice, the
treated member is usually placed on a table or stand rather than be allowed to
suspend in mid-air, where it would be exposed to no secondary radiation other
than that set up within the treated tissue. It must be realized, of course, that
the secondary radiation is probably only of minor consequence in fields the size
of which were used in this study.
It would appear, then, from our experimental data, that the concept of exit
dosage, as it is commonly employed in dermatologic practice, using potentials in
the 50Kv to 100Kv range, with the irradiated object placed on a supporting
surface, is essentially correct, and the exit dosage, as determined by means of the
ionization chamber, is a fairly accurate reflection of the biologically effective dos-
age on the exit surface.
SUMMARY
A technic has been demonstrated for biologically assaying surface absorption
of roentgen radiation, utilizing the depigmenting effect of roentgen rays on mouse
hair. By applying this technic to irradiation of areas on the mouse trunk, and,
subsequently, observing the hair changes on the exit surface, it has been shown
402 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
that the physically measured exit dose is roughly equivalent to the biologically
effective exit dose through 1.5 centimeters of tissue at 50Kv to 100Kv.
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